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“Qualquer caminho é apenas um 
caminho e não constitui insulto algum – 
para si mesmo ou para os outros – 
abandoná-lo quando assim ordena o seu 
coração. (...) Olhe cada caminho com 
cuidado e atenção. Tente-o quantas vezes 
julgar necessárias... Então, faça a si mesmo 
e apenas a si mesmo uma pergunta: possui 
este caminho um coração? Em caso 
afirmativo, o caminho é bom. Caso 
contrário, esse caminho não possui 
importância alguma.” 
  Carlos Castañeda 





O desenvolvimento de materiais restauradores tem levado ao estudo de 
suas propriedades físicas e mecânicas, e a substituição de dentes humanos em 
pesquisas gera a necessidade de análise física, microestrutural e mecânica de 
dentes bovinos, variando a idade dos animais doadores e comparando os 
resultados aos dentes humanos. Para tais objetivos avaliou-se: a radiodensidade e 
resistência a tração diametral de cimentos de ionômero de vidro; radiodensidade 
de diferentes materiais para moldagem, cimento de fosfato de zinco e cimento 
resinoso, comparando-os às estruturas dentais; e dureza, resistência coesiva, 
característica estrutural por microscopia eletrônica de varredura. Os resultados 
mostraram que a composição apresenta maior influência na radiodensidade dos 
materiais, sendo que todos apresentaram radiodensidade igual ou superior aos 
tecidos dentais duros, mas os materiais de moldagem apresentaram-se 
radiolúcidos em geral, exceto os polissulfetos. Alterações na proporção pó/líquido 
afetam negativamente as propriedades dos ionômeros de vidro, sendo mais 
marcantes nos ionômeros modificados por resina. A idade dos dentes bovinos 
altera as propriedades analisadas, sendo que a radiodensidade é a que sofre 
menor influência, mas a dureza altera-se marcadamente. A análise microestrutural 
demonstrou diferenças principalmente no esmalte bovino em relação ao humano, 
sendo que a dentina bovina, apesar de mais semelhante à humana, também 
apresenta diferenças quando do aumento da idade dental. A seleção dos materiais 
e o uso adequado possibilitam a obtenção de melhores propriedades físicas e 
mecânicas. A seleção dos dentes bovinos em substituição aos humanos deve ser 
criteriosa em testes laboratoriais, sendo que dentes bovinos mais velhos 
apresentam comportamento mais próximo ao humano. 
Palavras-chave: Radiodensidade, Dureza Knoop, Resistência à Tração Diametral, 
Materiais Dentários, Estruturas Dentais.  







Dental materials development has stimulated the study of their physical and 
mechanical properties and the substitution of human teeth in dental researches 
makes necessary the analysis of physical, microstructural and mechanical 
properties of bovine teeth, varying the age of animals and comparing the results 
with those from human teeth. In order to fulfill all these requirements this study 
analyzed: radiodensity and diametral tensile strength of glass ionomer cements;  
radiodensity of impression materials, zinc phosphate cement and resinous cement, 
compared to tooth structures; hardness and microstructural characteristics in 
enamel and dentin from human and bovine teeth, varying bovine teeth age. The 
results showed that composition is the most important factor affecting radiodensity 
of materials, being that all evaluated materials presented similar or superior degree 
of radiodensity than hard dental tissues, but impression materials were generally 
radioluscent, except for polissulfide ones. Alterations in the powder/liquid ratio 
negatively affect glass ionomer properties, principally on resin-modified glass 
ionomers. Age-related changes affect the properties of bovine teeth, but 
radiodensity is the least influenced property, and hardness is significantly altered. 
The microstructural analysis showed differences principally between human and 
bovine enamel, but in spite of the fact that bovine dentin is more similar to human 
dentin, increasing age of teeth resulted in clear differences. The selection of 
materials and correct use enables better mechanical and physical properties. The 
selection of bovine teeth for substitution of human teeth in dental researches must 
follow important criteria described in this study, being that older bovine teeth 
showed themselves as possessing a greater similarity to human teeth. 
Key Words: Radiodensity, Knoop Hardness, Diametral Tensile Strength, Dental 
Materials, Teeth Structures.   
















CAPÍTULO 2: The influence of powder/liquid ratio in the radiodensity and 




CAPÍTULO 3: Radiodensity evaluation of dental impression materials in 




CAPÍTULO 4: Radiodensity and hardness of enamel and dentin of 




































Os procedimentos restauradores têm melhorado bastante com o 
aumento do número de pesquisas relacionadas ao comportamento biomecânico, 
físico e estrutural dos tecidos dentais duros e dos materiais restauradores. O 
emprego de técnicas indiretas basicamente segue os passos do preparo, inserção 
da restauração provisória, moldagem, cimentação da peça definitiva e 
posteriormente acompanhamento clínico. Qualquer alteração em algum dos 
passos poderá promover imperfeições no procedimento, ou dificuldades na 
manutenção do tratamento executado. Portanto, a análise das propriedades dos 
materiais restauradores torna-se importante para o seu emprego.   
É geralmente aceito que os materiais devem ser suficientemente 
radiopacos para serem detectados sob esmalte ou dentina, facilitando a avaliação 
de restaurações em qualquer situação do meio bucal, possibilitando a detecção de 
cáries secundárias, defeitos marginais, contorno da restauração, excesso de 
cimentos e desadaptações (Tveit & Espelid, 1986, Akerboom et al., 1993, el-
Mowafy & Benmergui, 1994, Hara et al., 2001a, Hara et al., 2001b, Turgut et al., 
2003). O grau de radiopacidade requerido para ótimo desempenho clínico pode 
variar dentro da mesma classe de material restaurador (Hara et al., 2001a). 
Apesar disto, se usado como forrador, alguns autores recomendam que o material 
deve ser igual ou mais radiopaco que a dentina sadia para assegurar que o 
material não seja confundido com dentina cariada (Prevost et al., 1990). 
Entretanto, para alguns autores o grau de radiodensidade dos materiais deve ser 
levemente maior que o esmalte dental (van Dijken et al., 1989, el-Mowafy & 
Benmergui, 1994, Sidhu et al., 1996, Hara et al., 2001a, Hara et al., 2001b, Turgut 
et al., 2003). Além dos materiais restauradores, os materiais de moldagem 
comumente empregados devem apresentar adequado grau de radiodensidade, 
visto que existem relatos de reações alérgicas a materiais que permanecem 
dentro do sulco gengival, os quais poderiam ser detectados por exame 







deixar restos de material dentro do canal radicular, podendo dificultar a adaptação 
de provisórios e peças definitivas. 
Durante o procedimento restaurador indireto materiais como cimento de 
ionômero de vidro, cimento resinoso e cimento de fosfato de zinco podem ser 
empregados como materiais forradores, base, restauradores provisórios ou 
cimentantes (Anusavice, 2003). Os cimentos de ionômero de vidro cumprem a 
maior versatilidade entre estes materiais e tal fato está relacionado à constante 
liberação de flúor (Forsten, 1998), adesão aos tecidos dentais duros e metais 
básicos (Hotz et al., 1977, Hibino et al., 2002, Yap et al., 2003), biocompatibilidade 
e baixo coeficiente de expansão térmica (Xie et al., 2000, Mitsuhashi et al., 2003, 
Yap et al., 2003). Os cimentos de ionômero modificado por resina ampliaram as 
indicações clínicas, pois apresentam melhores propriedades mecânicas devido ao 
caráter polimérico (Yamazaki et al., 2006), melhorando algumas deficiências dos 
ionômeros convencionais, tais como: o desenvolvimento de trincas superficiais por 
desidratação, friabilidade e baixa tenacidade à fratura (Uno et al., 1996). Junto 
com a avaliação das propriedades físicas, a resistência à tração diametral é um 
dos métodos mais comuns e úteis para se avaliar as propriedades mecânicas dos 
materiais, sendo usadas em vários estudos (Xie et al., 2000, Piwowarczyk et al., 
2002, Yap et al., 2003, Yamazaki et al., 2006). Dependendo da indicação clínica, 
os materiais como os cimentos de ionômero de vidro, devem apresentar 
resistência adequada para suportar os esforços gerados durante aplicação das 
forças oclusais, assim como de outros materiais (Hibino et al., 2002). 
Os efeitos benéficos com a melhora das técnicas e materiais 
odontológicos, têm levado os pacientes a permanecer mais tempo com seus 
dentes, em função, na cavidade bucal (Burke, 1992). Portanto, dificuldades têm 
sido encontradas para o emprego de dentes humanos nas pesquisas. Estudos 
laboratoriais em dentes bovinos têm sido realizados desde a década de 80 
(Nakamichi et al., 1983) e vêm ganhando volume ao longo dos anos em ensaios 
sobre adesão aos tecidos dentais duros, principalmente devido à dificuldade em 







outros pesquisadores procuraram certificar a compatibilidade entre dentes bovinos 
e humanos no sentido de se obter pesquisas com alta confiabilidade. Demonstrou-
se que a dentina coronaria bovina possui número e diâmetro dos túbulos 
semelhantes à dentina humana, em várias profundidades (Schilke et al., 2000). 
Com relação à composição química, há semelhança maior entre o esmalte suíno 
e humano, do que entre o esmalte bovino e humano (Rizzutto et al., 2002). 
Entretanto, o mesmo padrão de resistência adesiva foi observado entre os dentes 
bovinos e suínos, sendo que o esmalte suíno apresentava-se com morfologia 
diferente com relação à morfologia humana e bovina (Reis et al., 2004). Por outro 
lado, maior semelhança foi observada entre o esmalte e a dentina humana e 
bovina, com relação à radiodensidade do que entre dentes humanos e suínos 
(Fonseca et al., 2004). Porém as raízes bovinas não devem ser empregadas em 
testes de infiltração marginal (Retief et al., 1990), provavelmente devido ao maior 
número e diâmetro dos túbulos nesta região, em relação aos dentes humanos 
(Schilke et al., 2000). Dentro de todos estes aspectos observados, as coroas dos 
dentes bovinos parecem ser as melhores substitutas em relação aos dentes 
humanos. 
Os dentes bovinos são de fácil obtenção, visto que os animais são 
utilizados para consumo humano e, portanto, não precisam ser sacrificados para a 
realização da pesquisa. Precisa-se, entretanto, definir melhores parâmetros para 
que os dentes selecionados possam proporcionar conclusões similares à dentes 
humanos. Sabe-se que os animais sacrificados em abatedouros podem ser 
enquadrados basicamente em 4 idades aproximadas, as quais podem ser 
diferenciadas pela cronologia de erupção dentária (Faísca et al., 2002) em: 20, 30, 
38 e 48 meses. Dentes de animais pertencentes a diferentes idades 
provavelmente possuem diferentes características e seu uso em pesquisas 
científicas pode gerar resultados imprecisos. 
Dentro destes aspectos, parece oportuno estudar propriedades físicas 
e mecânicas de alguns materiais dentários, aliada a análise física, microestrutural 







resultados aos dentes humanos. Entre as principais propriedades, destacam-se a 
radiodensidade, dureza e resistência à tração diametral. O presente trabalho é 
apresentado no formato alternativo de tese de acordo com as normas 
estabelecidas pela deliberação 002/06 da Comissão Central de Pós-Graduação 
da Universidade Estadual de Campinas. O artigo referente ao Capítulo 1 foi 
publicado no periódico Clin. Oral Invest. e o do capítulo 2 enviado para J. Mater. 
Sci.: Mat. Med. Os artigos dos capítulos 3 a 4 serão submetidos aos periódicos 
Dent. Mater. e Archiv. Oral Biol. e são apresentados conforme formatação 
solicitada pelas revistas. Assim, os objetivos deste trabalho, foram divididos em 
quatro capítulos, que pretendem: 
 
CAPÍTULO 1: Determinar a radiodensidade de materiais para base, forramento e 
cimentação, analisando cimentos de ionômero de vidro, fosfato de 
zinco e resinoso, e comparando-os a radiodensidade do esmalte e 
da dentina humana. 
CAPÍTULO 2: Avaliar a influência da relação pó/líquido na radiodensidade e 
resistência à tração diametral de diferentes cimentos de ionômero 
de vidro. 
CAPÍTULO 3: Avaliar a radiodensidade de diferentes materiais de moldagem: 
alginatos, polissulfetos, poliéter, silicones por adição e por 
condensação, em relação à radiodensidade do esmalte e da 
dentina de dentes humanos e bovinos. 
CAPÍTULO 4: Avaliar a radiodensidade e dureza de esmalte e dentina de dentes 
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Abstract: The aim of this study was to determine the radiodensity of base, liner 
and luting dental materials and to compare them with human enamel and dentin. 
Four classes of materials were examined: conventional glass ionomers (CG) - 
Vitro Cem, Ketac Bond, Vidrion F, Vidrion C; resin-modified glass ionomers 
(RMGI) - Fuji II LC, Vitrebond; resinous cement (RC) - Rely-X ARC; and zinc 
phosphate cement (ZP) - Cimento LS. Five 2-mm-thick standard samples of each 
material were produced and also five 2-mm-thick enamel and dentin samples. An 
aluminum step served as control. Samples were positioned over a phosphor plate 
of Digora digital system, exposed to the x-ray and the radiodensity obtained in the 
software Digora for Windows 2.0. Data were submitted to Kruskal-Wallis and 
Dunnett Multiple Comparisons Test (α=0.05). According to the statistical analysis 
the following sequence in degree of radiodensity could be seen among the groups: 
Cimento LS (ZP) > Vitro Cem (CG) = Fuji II LC (RMGI) = Rely-X ARC (RC) = 
Vitrebond (RMGI) > Ketac Bond (CG) > Enamel = Vidrion F (CG) > Vidrion C (CG) 
= Dentin. The presence of radiopaque fillers such as zinc, strontium, zirconium, 
barium and lanthanium rather than material type seems to be the most important 
factor when analyzing materials radiodensity. Almost all investigated materials 
presented an accepted radiodensity. 




 It is generally accepted that materials should be sufficiently radiopaque to 
be detected against a background of enamel and dentin, facilitating the evaluation 
of restorations in every region of the mouth and enabling the detection of 
secondary caries, marginal defects, contour of restoration, contact with adjacent 
teeth, cement overhangs and interfacial gaps [1,6,11,12,17,18]. The radiopacity 
degree required for ideal clinical performance can vary within the same class of 
material [11]. In spite of that, if used as a liner or base some authors consider it 







mistaken for carious dentin [13]; however, other authors consider that restorative 
materials need a degree of radiopacity slightly higher than that of enamel 
[5,11,12,16,17,19].  
Several factors may affect the radiopacity of dental materials but the 
composition seems to be the most important one [11,12,16]. In addition, the 
material thickness [11,12], the angulation of the x-ray beam, the methodology 
employed for evaluation [17], the type of x-ray film and the age of developing and 
fixing solutions [5] and the alteration in the power/liquid ratio [11] can also have an 
influence. Common methods for evaluation of density of radiographic images 
employ conventional x-ray films and densitometers [1-3,11,12,16] or 
spectrophotometers [22]. Since 1987, alternatives to silver-halide receptors for 
intraoral radiographic imaging have included CCD-based systems and storage 
phosphor technology [7]. Digital intraoral radiography reduces patients’ exposure 
to x-rays [21], permits the improvement of image quality by image manipulation, it 
is faster and cheaper than conventional techniques and easy to use [20], and also 
enables the accurate evaluation of radiodensity [8].  
From the literature it is known that highly radiopaque materials makes a 
radiographic diagnosis more difficult [6] while radioluscent materials will show up 
as a separate layer [1]; then it seems necessary to evaluate the radiopacity of 
materials for different restorative purposes compared to hard dental tissues. Since 
secondary caries or gaps may occur exactly under materials that are placed in 
direct contact with tooth structure the radiodensity evaluation of liner, base and 
luting materials seems important. The aim of this study was to determine the 
radiodensity of different base, lining, and luting dental materials and to compare 
them with enamel and dentin from human teeth. The null hypothesis to be tested 
was that there was no difference between the radiodensity of these different 









Materials and Methods 
 Eight different base, lining, and luting dental materials were employed in this 
study. Material types, commercial names, manufacturers and composition are 
listed in Table 1. In addition to the dental materials five recently extracted human 
third molars were selected and stored in 0.2% thymol. All human teeth were 
collected from patients who had signed an informed consent, in accordance with 
the ethics committee of the Federal University of Uberlândia. Five 2-mm-thick 
standard samples of each material were produced according to the manufacturers’ 
instructions and inserted in a 2-mm-thick stainless steel mold with 4.0 mm in 
diameter. Chemical cured materials were allowed to set during the period 
recommended by each manufacturer. Photopolymerizable materials were light-
cured for 40s with a XL3000 curing unit (3M-ESPE, St. Paul, USA) at 850mw/cm2. 
After removal of the samples from the mold the thickness was checked with a 
digital caliper in order to fit 2.0 mm (± 0.1 mm).  
 The teeth were sectioned transversally with a diamond saw (KgSorensen, 
Barueri, Brazil) and ground with a 600-grit silicon carbide paper under a stream of 
running water in order to produce enamel and middle dentin samples of 2.0 mm in 
thickness. The samples were stored in moist conditions at 37oC until the 
radiographic procedures were conducted. An aluminum step wedge, ranging from 
1.0 mm to 9.0 mm in thickness, served as a control.  
 The samples were positioned over a phosphor plate and the radiographic 
exposition was performed using an x-ray machine - GE 1000 (General Electric, 
Milwaukee, USA) – exposing it for 0.2 seconds at 70 kV and 10 mA, with a source-
to-sample distance of 40 cm. Three exposures were performed for each sample. 
The radiographs were transferred from the phosphor plate to the computer via a 
Digora scanner (Digora, Soredex, Helsinki, Finland).  
  The radiodensity (in pixels) of the samples were determined with the 
resident software provided by the manufacturer. The Digora system has an 
windows-based software, Digora for Windows 2.0, that is capable to measure 







image phosphor plate. The radiodensity of each radiographed structure or material 
was obtained by clicking with the software cursor right above the digital image. 
Each digital image had it radiodensity measured immediately after scanning, 
without any modification in contrast or brightness. This software shows data 
concerning the highest and the lowest radiodensity of the sample, and an average 
value, which was considered to be the sample’s initial radiodensity. Since each 
sample was submitted to three exposures the sample’s final radiodensity was 
considered to be the mean of those values.  
   The Shapiro-Wilk test of normality revealed that data did not 
presented a normal and homogeneous distribution (p=0.000). Then, the Kruskal-
Wallis and Dunnett Multiple Comparisons Test (α=0.05) were employed for the 
statistical analysis. The aluminum step was also compared to each group by 
Kruskal-Wallis and Dunnett Multiple Comparisons Test (α=0.05). 
 
Results 
Table 2 shows the results of radiodensity measurements together with the 
statistical analysis. Means and standard deviations are presented just to enable an 
easier comprehension but since data were not normally distributed the sum of the 
ranks, provided by the non-parametric analysis, is also provided. The Kruskal-
Wallis test showed a highly significant difference among the experimental groups 
(p<0.000) and Dunnett Multiple Comparisons Test showed that Cimento LS (ZP) 
was the most radiopaque material and Vidrion C (CG) the most radioluscent one. 
According to the statistical analysis the following sequence in degree of 
radiodensity could be seen among the groups: Cimento LS (ZP) > Vitro Cem (CG) 
= Fuji II LC (RMGI) = Rely-X ARC (RC) = Vitrebond (RMGI) > Ketac Bond (CG) > 
Enamel = Vidrion F (CG) > Vidrion C (CG) = Dentin (Table 2). Figure 1 shows a 
radiographic image of the groups, and Figure 2 shows the aluminum step wedge. 










 When an x-ray beam interacts with the matter the x-ray photons are either 
absorbed by its atoms or scattered without loss of energy. Irrespective of the type 
of x-ray-to-matter interactions, it is always directly proportional to either the atomic 
number of the absorber or to its electric density [9]. Thus depending on the atomic 
composition of the matter the radiodensity of a radiographic image will be 
differently influenced. Besides atomic composition, the density of each atom in the 
matter, its physical structure and its thickness may also influence radiodensity [8]. 
In this study, samples with a standardized 2 mm thickness ensured no influence of 
this factor on radiodensity. Thus the differences could be due to the atomic 
composition, density of atoms and physical arrangement of materials or tooth 
tissues.  
 Dental enamel is composed by 92-96% of inorganic matter, 1-2% of organic 
material and 3-4% of water (wt%) [10]. Most of the inorganic matter is 
Ca10(PO4)6(OH)2, hydroxyapatite, but other atomic elements can be detected as P, 
Cu, K, Cl, Zn, Fe, Ti, Sr, V, Mn, and Zr [14]. On the other hand, dentin has a 
reduced inorganic content and is considered to be a hydrated biological composite 
composed of 70% inorganic material, 18% organic matrix, and 12% water 
(weight%) [15]. These different composition plus the fact that the physical 
arrangement of enamel prisms differs from that of dentin tubules may definitively 
account for the higher radiopacity of enamel, as observed in this and other study 
[8]. 
 Dental materials are constantly reformulated, and one of the desired goals 
is to make them radiopaque enough to enable valuable information during 
radiographic examinations [17]. In this study, six out of eight evaluated materials 
showed a degree of radiodensity higher than that of enamel and dentin, as 
recommended by several authors [6,11,12.16,17,19]. The two other materials 
showed degrees of radiodensity between the ones of enamel and dentin. Because 
of these differences the null hypothesis had to be rejected. Differences in 







addition of chemical elements with high atomic numbers such as zinc, strontium, 
zirconium, barium and lanthanium result in more radiopaque materials 
[2,11,12,17]. Then, the more radiopaque elements the more radiopaque a material 
will be. Zinc phosphate cements have long been considered a highly radiopaque 
material due to its high content of zinc oxide and, as found by Attar et al. [2], this 
was the most radiopaque material in this study. Conventional glass ionomers are 
usually radioluscent [11,12] but new formulations have changed this tendency. In 
this study, Vitro Cem and Ketac Bond, two conventional glass ionomers, presented 
higher radiodensity than enamel and this is attributed to the addition of strontium 
and lanthanium (Table 1), respectively. On the other hand, Vidrion F was similar to 
enamel and Vidrion C just similar to dentin. Vidrion F is a lining material and it is 
more viscous than Vidrion C (glass ionomer for cementation). The higher viscosity 
and the presence of BaSO4 and FeO seems to render higher radiodensity for the 
former.  
 Resin modified glass ionomers are not always radiopaque [12]. In addition 
to the presence of radiopaque glasses it is important to consider the polymer 
matrix, the chemical nature of the filler, their size, density and addition level [4]. In 
this study the two resin modified glass ionomers, Fuji II LC and Vitremer, 
presented higher radiodensity than enamel, which was similar to a resin-based 
cement, Rely-X ARC. Fuji II LC and Vitremer present HEMA (2-
hydroxyethylmethacrylate) as the resinous component which does not seem to 
offer an important contribution on radiodensity. In spite of that, they contain zinc 
and strontium oxides which resulted in the high degree of radiodensity. The resin 
cement Rely-X ARC has 67.5%(wt%) of silica and zirconium fillers and monomers 
of high molecular weight (Bis-GMA and TEGDMA). Turgut et al. [17] showed 
resins with the same monomers, but with different types of fillers, as radioluscent 
materials. Thus, it seems that the filler found in Rely-X ARC seem to be 
responsible for the observed radiodensity. 
 Similar to Attar et al. [2], this study found a zinc phosphate cement (Cimento 







Rely-X ARC was two times more radiodense in the present study (4.0 mm Al 
versus 2.0 mm Al). Possibly this is the result of the use of 2.0mm-thick samples 
against 1.0 mm-thick in their study. In addition, enamel and dentin samples from 
this study present themselves more radiodense (3.0 mm Al and 2.0 mm Al, 
respectively) than the results from other studies that employed 1.0 mm-thick 
samples [2,16,17,22], but similar to Bouschlicher et al. [3] who employed 2.0mm-
thick samples. The effect of the sample thickness was also confirmed on Ketac 
Bond and Fuji II LC which showed a higher degree of radiodensity (in mm of Al) in 
this study than on others [16,22]. 
 Different classes of materials were evaluated and within the same class 
there was a variation in radiodensity. Considering that a material must be 
radiopaque the clinician must pay careful attention to the composition rather than 
to the material classification. In addition, if different materials are to be used, 
Akerboom et al. [1] also recommends the use of materials with similar radiodensity 
in order to facilitate future radiographic observations. The diagnosis facility is 
improved with materials slightly more radiopaque than enamel but also a correct 
technique should be performed because the angulation of the x-ray beam can 
superimpose radiopaque materials over defects or carious dentin [17]. According 
to the methodology employed and within the limitations of this study it was seen 
that the zinc phosphate cement, two conventional glass ionomers, the resin 
cement and two resin modified glass ionomer were more radiopaque than enamel 
and dentin. One conventional glass ionomer was similar to enamel and more 
radiopaque than dentin and another one was just similar to dentin.  
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Figure 1. Digital radiograph of the studied materials and tooth structures. 
1:Enamel; 2:Vidrion C; 3:Fuji II LC; 4:Vidrion F; 5:Vitro Cem; 6:Dentin; 7:Cimento 





Figure 2. Digital radiograph of the aluminum step wedge. A1:1.0mm; A2:2.0mm; 










Figure 3. Comparison between experimental groups and aluminum step wedge. 
 
Footnotes for Figure 3:  
 Means connected by the same horizontal line are similar by the Kruskal-
Wallis and Dunnett Multiple Comparisons Test (p>0.05). 














 Manufacturer Composition 
Zinc phosphate (ZP) 
Cimento 
LS 
Vigodent, Rio de 
Janeiro, Brazil  
Powder: ZnO and MgO 




DFL, Rio de 
Janeiro, Brazil 
Powder: Strontium and aluminum silicate, FeO, 
dehydrated polyacrylic acid 














SS White, São 
Paulo, Brazil 
Powder: Na, Ca, Aluminofluorosilicate glass, 
BaSO4, FeO, dehydrated polyacrylic acid 




SS White, São 
Paulo, Brazil 
Powder: Na, Ca, Aluminofluorosilicate glass, 
dehydrated polyacrylic acid 




Fuji II LC 
GC Corp, Tokyo, 
Japan 
Powder: Aluminofluorosilicate glass, ZnO, pigment
Liquid: polyacrylic acid, HEMA (2-






3M-ESPE, St. Paul, 
MN, USA 
Powder: Fluoroaluminosilicate glass powder with 
SiO2, AlF3, ZnO, SrO, cryolite, NH4F, MgO and 
P2O5 
Liquid: modified polyacrylic acid with pendant 






3M-ESPE, St. Paul, 
MN, USA 
Bis-GMA, TEGDMA, Silica and Zirconium filler 
67.5% (wt%), photoinitiator 
BisGMA, Bisphenol-A diglycidyl ether dimethacrylate; HEMA, 2-hydroxyethylmethacrylate 







Table 2. Means and standard deviations (in pixels), and results of statistical 
analysis of materials and tooth structures radiodensity by Kruskal-Wallis and 
Dunnett Multiple Comparisons Test (α=0.05). 
Group Means ± SD Sum of the Ranks 
Cimento LS (ZP) 202.59 ± 2.34 143.00 A 
Vitro Cem (CG) 149.60 ± 11.16 112.43 B 
Fuji II LC (RMGI) 147.43 ± 12.06 108.70 B 
Rely-X ARC (RC) 142.86 ± 8.32 101.07 B 
Vitrebond (RMGI) 139.81 ± 10.36 94.87 B 
Ketac Bond (CG) 128.07 ± 4.69 72.93 C 
Enamel 104.45 ± 4.88 45.20 D 
Vidrion F (CG) 103.99 ± 7.58 43.80 D 
 Vidrion C (CG) 88.85 ± 5.88 18.20 E 
Dentin 80.78 ± 16.03 14.80 E 
ZP: zinc phosphate; CG: conventional glass ionomer; RMGI: resin modified glass ionomer; RC: 
resin cement. 
SD: standard deviation values. 





















The influence of powder/liquid ratio in the radiodensity and 
































This study determined the influence of power/liquid (P/L) ratio in the 
radiodensity and diametral tensile strength (DTS) of glass ionomers. There were 
two experimental factors in study: powder/liquid ratio (two levels), the 
manufacturer’s recommended P/L ratio and a 50% reduced P/L ratio; and 
materials (five levels): Vitro Molar, Vitro Fil, Vitro Cem (conventional glass 
ionomers(CGIs)), Vitro Fil LC and Ortho Glass LC (resin-modified glass ionomers 
(RMGIs)). Radiodensity evaluation: five 1-mm-thick samples of each material-P/L 
ratio were produced. Samples were exposed to the x-ray over a phosphor plate of 
Digora digital system and radiodensity obtained in the software Digora for 
Windows 2.5 Rev 0. For DTS, five 4.0x8.0mm cylinder samples were tested (0.5 
mm/minute). Data were submitted to one- and two-way ANOVA (5x2) followed by 
Tukey’s HSD test, or Kruskal-Wallis and Dunn’s method. For paired comparisons, 
T-Test or Mann-Whitney Test were used (α=0.05). Two-way ANOVA (5x2) showed 
a significant interaction (P=0.001) for the factors in study (materials vs. P/L ratio). 
Reduced P/L ratio resulted in significantly lower DTS for RMGIs, but radiodensity 
was affected for all materials (p<0.05). Reduced P/L ratio affects properties of 
glass ionomers. RMGIs are more susceptible to lower values of DTS and 
radiodensity with P/L ratio reduction.  




Glass ionomer cements have wide spread clinical indications, being used as base, 
liner, luting or temporary restorative dental materials [1]. The reasons for such a 
useful clinical versatility are related to the constant fluoride release [2], adhesion to 
dental tissues and base metals [3-5], biocompatibility and low coefficient of thermal 
expansion [3, 6, 7]. Resin-modified glass ionomers (RMGIs) extended these 
clinical applications since they present better mechanical properties due to the 







ionomers, such as surface crazing during dehydration, brittleness and low fracture 
toughness [9].  
The setting reaction of glass ionomers depends on composition. 
Conventional glass ionomers (CGIs) sets through an acid-base reaction in which a 
polyacid attacks powder particles, forming a mass with some interstitial spaces. 
According to Nicholson [10] glass-ionomers consist of interpenetrating networks of 
inorganic and organic components forming a matrix in which particles of unreacted 
glass are embedded. Resin-modified glass ionomers, in addition to this ionic cure, 
have also a resinous polymer-based reaction due to the presence of visible light-
polymerizable components [11]. Both reactions are processed at the same time 
but light polymerization is rapidly completed after light irradiation and the chemical 
reaction is still able to occur.  
Several aspects have been studied in order to improve the mechanical and 
physical properties of glass ionomers, such as composition [3], viscoelastic 
properties [8], fracture toughness [7, 8], powder particle size reduction [7] 
radiodensity [12-14], strength [2, 5] and powder/liquid ratio [12]. Composition 
seems to be the most important factor which affects the radiopacity of dental 
materials [12, 13]. In addition, the material thickness [12, 13], the angulation of the 
x-ray beam, the methodology employed for evaluation [15], the type of x-ray film 
and the age of developing and fixing solutions [16] and the alteration in the 
power/liquid ratio [12] can also have an influence. The first radiopaque glass 
ionomers were composed by cermet-containing or metal reinforced cements, in 
which metals were responsible by high radiodensity levels [10]. After that, the 
addition of radiopaque fillers resulted on sufficiently radiopaque glass ionomers 
[17], which could be detected against a background of enamel and dentin, 
facilitating the evaluation of many clinical situations. 
The diametral tensile strength (DTS) is one of the most common and useful 
mechanical properties of glass ionomers, being extensively found in many studies 
[3, 6, 8, 18]. Depending on the clinical application, glass ionomers should be 







forces, as it is truth for luting materials [5]. The type of material, filler size and 
proportion, addition of metals, composition and P/L ratio are factors which affect 
strength of glass ionomers [3, 5-8, 19]. Increased P/L ratios tend to increase DTS 
of glass ionomers [5]. Mechanically, RMGIs generally exhibit substantial plastic 
deformation in compression and conventional glass ionomers display brittle 
fracture [8]. Clinicians tend to make reductions in glass ionomer P/L ratios since 
some materials are difficult to mix [20] and flow into small cavities, grooves or pits 
[21]. In general, changing the P/L ratio will cause the physical and mechanical 
properties of conventional glass ionomers and resin modified glass ionomer 
cements decrease depending on the reduction of powder per volume [7].  
 There is the chance of altering the diametral tensile strength and 
radiodensity of glass ionomers due to reduced P/L ratios, which could virtually 
lessen the longevity of clinical procedures. Then, the aim of this study was to 
determine the influence of a 50% reduction in P/L ratio, in the diametral tensile 
strength and radiodensity of different glass ionomer cements. 
 
Materials and methods 
Five glass ionomer cements (DFL, Rio de Janeiro, Brazil) with different clinical 
indications were employed in this study. Material applications, commercial names, 
batch numbers and composition are listed in Table 1. Two tests were realized in 
order to analyze the effect of reduction in P/L ratio of different glass ionomers: 
Radiodensity and Diametral Tensile Strength. Groups were created according to 
two experimental factors in study: materials, with five levels (Table 1) and 
powder/liquid ratio, with two levels, the manufacturer’s recommended P/L ratio 
(man. P/L) and a 50% reduced P/L ratio (0.5 P/L). Samples were confectioned at 
room temperature according to each experimental method, as described below. 
Chemical cured materials were allowed to set during the period recommended by 
each manufacturer. Photopolymerizable materials were light-cured for 40 s with a 









Five ring-shaped 1-mm-thick standard samples of each experimental group were 
mixed according to the manufacturers’ instructions and inserted in a 1-mm-thick 
stainless steel mold with 4.0 mm in diameter. After removal of the samples from 
the mold, the thickness was checked with a digital caliper in order to fit 1.0 mm (± 
0.1 mm). An aluminum step wedge, ranging from 1.0 mm to 9.0 mm in 
thickness, served as a control.  
 The samples were positioned over a phosphor plate and the radiographic 
exposition was performed using an x-ray machine - GE 1000 (General Electric, 
Milwaukee, USA) – exposing it for 0.2 seconds at 70 kV and 10 mA, with a source-
to-sample distance of 40 cm. Three exposures were performed for each sample. 
The radiographs were transferred from the phosphor plate to the computer via a 
Digora scanner (Digora Optime, Soredex, Helsinki, Finland).  
   The radiodensity (in pixels) of the samples was determined with the 
resident software provided by the manufacturer. The Digora system has a 
windows-based software, Digora for Windows 2.5 Rev 0, that is capable to 
measure density curves of digital radiographies obtained by X-ray impregnation on 
the image phosphor plate. The radiodensity of each radiographed structure or 
material was obtained by clicking with the software cursor right above the digital 
image. Each digital image had it radiodensity measured immediately after 
scanning, without any modification in contrast or brightness. This software shows 
data concerning the highest and the lowest radiodensity of the sample, and an 
average value, which was considered to be the sample’s initial radiodensity. Since 
each sample was submitted to three exposures the sample’s final radiodensity was 
considered to be the mean of those values. 
 
Diametral Tensile Strength Test   
Five cylindrical specimens of each experimental groups (n=5) were prepared for 
diametral tensile strength (DTS) test according to ADA specification n.27. A 4.0 







filling the moulds with mixed cements, samples were kept in 100% humidity and 
37oC for 1 hour, followed by gentle removal from the mould and immersion in 
distilled water for 23hs prior to testing.  A compressive load was applied on the 
diametral surface of the samples to obtain the diametral tensile strength, at a 
crosshead speed of 0.5 mm/minute, in a universal testing machine, Instron 4411 
(Instron Testing Instruments, Canton, MA, USA). 
 
Statistical Analysis of Data 
Statistical analysis was performed in accordance with the results of Shapiro-Wilk 
test of normal distribution, with parametric or non-parametric tests, for each 
variable. One-way ANOVA followed by Tukey Honestly Significant Difference 
(HSD) test was employed for DTS and the Kruskal-Wallis and Dunn’s method for 
Radiodensity, in SPSS 12.0 for Windows statistical software (SPSS Inc., Chicago, 
USA). Two-way ANOVA (5×2) followed by Tukey HSD test, with a general linear 
model procedure, was also used to analyze the interaction between materials and 
P/L ratio. For paired comparisons, independent samples T-Test was used for DTS 
and Mann-Whitney Test for Radiodensity. The aluminum step was compared to 
each group by ANOVA and Dunnett’s 2-sided test. For all tests, groups were 
considered statistically different at α=0.05. 
 
Results  
Table 2 and 3 show the results of DTS (in MPa) and Radiodensity measurements 
(in pixels), respectively, together with the statistical analysis. Radiodensity means 
and standard deviations are presented just to enable an easier comprehension but 
since data were not normally distributed the sum of the ranks, provided by the non-
parametric analysis, is also provided. The two-way ANOVA (5x2) showed a 
significant interaction (P=0.001) for the factors in study (materials vs. P/L ratio). 
Thus, a separate analysis was accomplished for the interactions.  
DTS analysis for both levels of P/L ratios showed that both RMGIs 







analysis for manufacturer’s recommended P/L groups showed that two CGIs (Vitro 
Molar and Vitro Fil) were more radiopaque than the remaining 3 groups; for 0.5 
reduced P/L groups, Vitro Fil and Vitro Molar were again the most radiopaque 
materials, but the last was similar to Vitro Cem, and this one was similar to the 
RMGIs (Table 3).  
Within each material, pairwise DTS analysis by T-Test showed that 
reducing the P/L ratio resulted in a significant reduction in strength just for Ortho 
Glass LC and Vitro Fil LC, with 27.1% and 46.6% of reduction, respectively. 
Pairwise Radiodensity analysis by Mann Whitney Test showed that reducing the 
P/L ratio resulted in a significant reduction in radiodensity for all materials. Fig. 1 
presents the comparison between the aluminum step and experimental groups. 
Fig. 2 shows a radiographic image of the groups and the aluminum step wedge. 
During manipulation of the cements it was noted that two CGIs, Vitro Molar and 
Vitro Fil, at man. P/L were difficult to mix and the mixed material resulted in a 
rough mass. At 0.5 P/L it was easier to mix these materials and a smooth mass 
was obtained.   
 
Discussion 
Several factors can have an influence on conventional and resin-modified glass 
ionomers properties, but the P/L ratio [12, 20] is one them which lies in the 
responsibility of clinicians [5]. The hypothesis driven on this study was confirmed 
with the observed alterations in diametral tensile strength and radiodensity of both 
CGIs and RMGIs due to changes in P/L ratio. The assumption that radiodensity 
depends more on the composition of dental materials than the type of material [17] 
was confirmed and the DTS results are in general agreement with other studies [6, 
8], who reported that the RMGIs exhibited higher DTS than CGIs. Composition, 
setting reactions, materials´ maturation and microstructures seem to be the 
principal reasons for these observations.  
Materials tested with the same thickness mostly vary in radiodensity by the 







directly proportional to either the atomic number of the absorber or to its electric 
density [22]; then depending on the atomic composition and density of each atom 
in the matter a radiographic image will be differently influenced. The addition of 
chemical elements with high atomic numbers such as zinc, strontium, zirconium, 
barium and lanthanium result in more radiopaque materials [12, 13, 17]. RMGIs 
are not always radiopaque [13] and CGIs are usually radioluscent [12, 13] but 
almost all the studied glass ionomers presented a degree of radiodensity higher 
than 2 or 3mm of aluminum (Fig. 1), which mean it will be able to detect these 
materials against a background of enamel or dentin [17]. 
Vitro Molar and Vitro Fil, which present barium/FeO and strontium/FeO, 
respectively, in their composition, were the most radiopaque materials, when 
mixed in the man. P/L. However, even with the presence of strontium/FeO in the 
other materials, their radiodensity were similarly lower than the previous mentioned 
ones, which mean these components are present in relatively lower quantities. 
With the reduced P/L ratio, Vitro Fil and Vitro Molar still presented the highest 
radiodensity levels, but Vitro Cem was similar to Vitro Molar and the RMGIs were 
similar to Vitro Cem. Vitro Molar is a restorative glass ionomer and is more viscous 
than Vitro Cem. The higher viscosity and the apparent presence of more quantities 
of radiopaque fillers would render higher radiodensity, but with the reduction in P/L 
ratio, these differences disappeared. Since organic components do not seem to 
offer radiopaque characteristics to dental materials [17], the observed lower 
radiodensity for RMGIs at 0.5 P/L ratio is a direct cause of the increase in liquid 
per volume. Within each material, the reduction in P/L ratio significantly reduced 
the radiodensity of all materials in this study (Table 3), and this also may be a 
direct result of the increase in liquid per volume.   
Restorative materials need a degree of radiopacity slightly higher than that 
of enamel [12, 13] in order to enable ideal conditions for patient follow-up. Some 
studies have established the standard enamel radiodensity based on a comparison 
with aluminum step wedges [14, 17, 23] to be equivalent to 2 or 3mm thick 







P/L ratio were similar or more radiopaque than A2 or A3 aluminum steps, it can be 
concluded that they all presented a satisfactory degree of radiodensity.  
Generally, chain displacement can occur at sufficiently high stress in 
deformable polymers, than in brittle polymeric and ceramic materials, which 
undergo crack propagation at high stress [24, 25]. Mitsuhashi [7] showed that 
when the P/L ratio is decreased and the matrix volume increased as a 
consequence, the characteristics of the resin matrix are significantly emphasized 
for the RMGIs. It is expected that greater presence of resin in RMGIs, by reduction 
of P/L ratio, would render a material with more viscoelastic behavior, greater strain 
capacity and possibly greater resistance to stress development by load application. 
However, even if more viscoelastic behavior is expected, the tendency for 
generating materials which withstand less load application is real because in the 
cement mixtures, the volume fraction of the matrix, which has weak mechanical 
strength, increases at lower P/L ratios. Irrespective of the P/L ratio, this study 
showed that RMGIs’ strength was always higher than that of CGIs (Table 2), 
possibly due to the greater expected viscoelastic behavior of RMGIs and the 
higher cohesive strength of resin matrix versus salt matrix [6]. On the other hand, 
DTS was reduced only for RMGIs when 0.5 P/L ratio was employed (Table 2).  
When comparing RMGIs and CGIs, Yamazaki [8] showed they possess 
similar viscoelastic behavior, irrespective of the polymeric character of RMGIs. 
Then, it is possible that resin and salt matrixes act similarly, in these materials, 
with a higher probability of enabling plastic deformation for the former [6]. 
However, Mitsuhashi [7] observed that the fracture toughness of the resin-modified 
glass ionomers is not greatly influenced by the P/L ratio, as it is for CGIs. Only at 
high reductions in P/L ratio, the fracture toughness started to decrease for RMGIs 
[7]. With lower fracture toughness materials became more brittle, reducing plastic 
behavior and also the resistance against crack propagation [7]. Thus, differently 
from CGIs, a significant alteration in RMGIs properties is only expected with high 
reduction of powder quantity, because the acid–base reaction of the powder 







The high reduction in P/L ratio, as performed in the present study, resulted in 
significantly lower DTS values just for RMGIs, and not for CGIs (Table 2). In spite 
of that, for all materials there was a decrease in DTS with the reduction in P/L 
ratio. There are 2 possibilities to explain this result. One is that limitations of the 
experimental design did not allow differences between man. P/L and 0.5 P/L of 
CGIs to be observed. Larger sample sizes may possibly be necessary to 
demonstrate statistically significant differences. The other possibility is closely 
related to the setting reactions of each type of material.  
For light-cured glass ionomer materials the maturation of cure by chemical 
setting have an important influence on the physical properties of the hardened 
materials [7] because an increase in overall properties is observed with material’s 
maturation [3]. More integrated microstructures with better glass particle–polymer 
matrix bonding, results in higher values of DTS [6]. Adusei [26] showed that the 
use of silaneted glass in polyacid-modified resin composites results in a decrease 
in flexural strength because not all particles seem to participate of the setting 
reaction, which leads to a less cohesive matrix. According to the authors, the same 
situation is expected to happen on RMGIs, concluding that there is an important 
role of the salt part of the matrix in the overall strength of these materials [26]. 
Recently, Griffin [19] showed improved experimental glass ionomer utilizing less 
fluorine glass and higher poly(acrylic acid) molar mass presenting fracture 
toughness values two or three times higher than those of the current commercial 
cements. Thus, any alteration in the chemical reaction of RMGIs will affect 
properties of the set material.  
It is speculated, from the DTS results of the present study that a high 
reduction in P/L ratio leads to a more fluid mass, where the completion of the 
chemical reaction is reduced through the polymerization of the resinous part. Even 
if the chemical reaction is generally able to keep going after light polymerization 
[11], it seems a greater volume of resin by reduction in P/L ratio, entraps polyacid 
molecules, and the so important chemical reaction reduces in effectiveness. 







groups of different polyacid chains too far apart to be crosslinked via Ca+2 as will 
normally happen without resin. Then the assumption that both the salt matrix and 
the resinous matrix have a determinant relationship in the overall strength of 
RMGIs [26] was confirmed in this study, but needs more specific studies to be 
proved. The reduction in P/L ratio for CGIs did not result in significantly lower DTS, 
which mean that the polyacid is able to react with normally unreacted glass 
particles. Rios [27] showed that diluted RMGIs were less resistant to tooth 
brushing abrasion and had the greatest increase in superficial roughness, in 
comparison to one CGI. Nevertheless, the use of manufacturers’ recommended 
P/L ratio is always advisable since properties will be preserved and Barnes [28] 
showed that viscosity and flow characteristics of different sealants seem not to 
affect the sealing ability or void formation.   
  
Conclusions 
From the results of this study it is possible to conclude that alterations in P/L ratio 
should be avoided since a decrease in radiodensity and diametral tensile strength 
was seen. Just resin-modifed glass ionomers had a significant decrease in DTS, 
but with respect to radiodensity, all materials were affected. Since clinicians tend to 
reduce P/L ratio for materials that are difficult to mix or for use in hardly penetrable 
tooth fissures [21], a direct insight from this work is that less problems in materials 
properties seem to be faced with CGIs.  
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Powder: Barium and aluminum 
silicate, FeO, dehydrated 
polyacrylic acid 
Liquid: polyacrylic acid, tartaric 






Powder: Strontium and aluminum 
silicate, FeO, dehydrated 
polyacrylic acid 
Liquid: polyacrylic acid, tartaric 
acid, distilled water 





Powder: Strontium and aluminum 
silicate, FeO, dehydrated 
polyacrylic acid 
Liquid: polyacrylic acid, tartaric 




Restorations of anterior 
permanent and 




Powder: Strontium and aluminum 
silicate, excipients, activadors, FeO 
Liquid: HEMA, polyacrylic and 





Bonding of orthodontic 
brackets and bands. 
Powder: Strontium and aluminum 
silicate, fumed silica, activadors, 
FeO 
Liquid: HEMA, polyacrylic acid, 









Table 2. Diametral Tensile Strength means and standard deviations (in MPa; n=5), 
and results of statistical analysis of groups by ANOVA, Tukey’s HSD and T-test 
(α=0.05). 
Groups 
DTS mean(SD) for 
man. P/L ratio 
DTS mean(SD) 
for 0.5 P/L ratio
Vitro Fil LC 20.94(3.34) Aa 11.20(2.84) Ab 
Ortho Glass LC 15.0(2.12) Aa 10.94(1.87) Ab 
Vitro Molar 7.73(3.24) Ba 4.08(1.32) Ba 
Vitro Fil 7.01(3.21) Ba 4.19(1.57) Ba 
Vitro Cem 2.83(0.71) Ba 2.37(0.66) Ba 
Different capital letters mean significant differences within the same P/L ratio groups (vertical 
comparison only – P<0.05). Different lower case letters mean significant differences within the 
same material varying P/L ratio (horizontal comparison only – P<0.05). 
man. P/L : manufacturer’s recommended P/L ratio 
0.5 P/L: 50% reduction in P/L ratio 
  
Table 3. Radiodensity means, standard deviations (in pixels; n=15) and sum of the 
ranks, and results of statistical analysis by Kruskal-Wallis test, Dunn’s method, and 
Mann-Whitney Test (α=0.05).   
Mean(SD) 
Sum of Ranks 
(Vertical 
comparison) 
Sum of Ranks 
(Horizontal 
comparison) Groups 







Vitro Molar 200.44(10.34) 175.19(9.32) 61.00A 53.67AB 22.6a 8.4b 
Vitro Fil 200.14(6.34) 191.63(10.1) 59.87A 66.6A 20.0a 11.0b 
Vitro Fil LC 171.09(5.36) 139.14(12.77) 25.80B 18.8C 23.0a 8.0b 
Vitro Cem 168.12(8.79) 146.42(6.61) 23.87B 33.2BC 22.47a 8.53b 
Ortho Glass LC 164.87(12.34) 136.07(7.19) 19.47B 17.73C 22.53a 8.47b 
Different capital letters mean significant differences within the same P/L ratio groups (vertical 
comparison only – P<0.05). Different lower case letters mean significant differences within the 
same material varying P/L ratio (horizontal comparison only – P<0.05). 
man. P/L : manufacturer’s recommended P/L ratio 









Figure 1. Comparison between experimental groups and aluminum step wedge. 
Footnotes for Figure 1:  
 Means connected by the same horizontal line are similar by the ANOVA and Dunnett’s 2-
sided Test (p>0.05). 









Figure 2. Digital radiograph of the studied materials and aluminum step wedge. 
1:Vitro Molar - man. P/L; 2:Vitro Molar – 0.5 P/L; 3:Vitro Cem – man. P/L; 4:Vitro 
Cem – 0.5 P/L; 5:Vitro Fil – man. P/L; 6:Vitro Fil – 0.5 P/L; 7:Ortho Glass LC – 
man. P/L; 8:Ortho Glass LC – 0.5P/L; 9:Vitro Fil LC – man. P/L; 10:Vitro Fil LC – 























Radiodensity evaluation of dental impression materials in 
































Objectives. The aim of this study was to determine the radiodensity of different 
impression materials and to compare them with human and bovine enamel and 
dentin.  
Methods. Twenty five impression materials, pertaining to five classes of materials, 
were studied: addition and condensation silicones, polyether, polysulfides and 
alginates. Five 1-mm-thick samples of each material and tooth structure were 
produced. Each sample was evaluated for 3 times (N=15), being exposed to the x-
ray over a phosphor plate of Digora digital system and radiodensity obtained in the 
software Digora for Windows 2.5 Rev 0. An aluminum step-wedge served as a 
control. Data were submitted to Kruskal-Wallis and Dunn’s method (α=0.05) 
Results. different materials and respective classes have a different behavior with 
respect to radiodensity. Polysulfides showed high values of radiodensity, 
comparable to human enamel but not to bovine enamel. Human dentin was similar 
just to a heavy-body addition silicon, but bovine dentin was similar to several 
materials. Generally, heavy-body materials showed higher radiodensity than light-
body ones.  
Significance. The use of impression materials with high radiodensity may facilitate 
detection in dental radiographs and observed differences seem to lie in 
composition, filler type and volume fraction, and the presence of radiopaque 
chemical elements. 
 
Keywords: radiodensity; impression materials; enamel; dentin; human; bovine. 
 
1. Introduction 
Impression materials are largely used to record the geometry of hard and 
soft dental tissue during dental treatment or to record the relations of teeth with the 
surrounding tissues [2]. These materials can be classified into elastic and non-
elastic, and the two groups of the elastic ones are the hydrocolloids (e.g., 







silicones and polyethers). Elastic recovery, accuracy, strain in compression, tear 
energy and tensile strength are some of the commonly investigated properties 
which enables the development of better materials [15, 26]. Irrespective of the 
impression technique, all dental impression materials are introduced into the oral 
cavity right after having been mixed and allowed to come in contact with the oral 
tissue. In this condition, the materials may be toxic to cells or may sensitise the 
tissue [18]. Some studies have reported allergic responses to impression materials 
and their potential cytotoxicity, even if the period of contact with oral tissues is fast 
[4, 7, 16, 18, 23].  In addition to this fact, materials with low tear strength can be 
left around or under gingival margins without any perception, and an inflammatory 
response may rise with time. 
It is generally accepted that materials should be sufficiently radiopaque to 
be detected against a background of enamel and dentin, facilitating the evaluation 
of restorations in every region of the mouth [1, 10, 24]. The radiopacity degree 
required for ideal clinical performance can vary within the same class of material 
[12]. Common methods for evaluation of density of radiographic images employ 
conventional x-ray films and densitometers [12, 13] or spectrophotometers [28]. 
Since 1987, alternatives to silver-halide receptors for intraoral radiographic 
imaging have included CCD-based systems and storage phosphor technology [9]. 
Digital intraoral radiography reduces patients’ exposure to x-rays [27], permits the 
improvement of image quality by image manipulation, it is faster and cheaper than 
conventional techniques and easy to use [25], and also enables the accurate 
evaluation of radiodensity [11].  
In the past 20 years after constant development of impression materials, 
very few studies have reported their radiodensity [20, 21]. It is expected that an 
acceptable degree of radiodensity would enable the detection of small fragments 
left inside gingival sulcus or damaged epithelial insertion. Then, the aim of this 
study was to evaluate the radiodensity of different impression dental materials and 
to compare the results with the radiodensity of human and bovine enamel and 








2. Materials and methods 
2.1. Sample’s fabrication  
 Twenty five different impression dental materials were employed in this 
study. Material types, commercial names, manufacturers and composition are 
listed in Table 1. Five 1.0-mm-thick standard samples of each material were 
produced according to the manufacturers’ instructions and inserted in a 1.0-mm-
thick stainless steel mold with 4.0 mm in diameter. Materials were manipulated and 
allowed to set during the period recommended by each manufacturer. After 
removal of the samples from the mold the thickness was checked with a digital 
caliper in order to fit 1.0 mm (± 0.1 mm). An aluminum step wedge, ranging from 
1.0 mm to 12.0 mm in thickness, served as a control.  
 Ten human third molars (H) from 20-30 years old donators, and 10 bovine 
central incisors from 48-month animals, recently extracted, were selected and 
stored in 0.2% thymol. All human teeth were collected after patients had signed an 
informed consent, in accordance with the ethics committee of Dental School of 
State University of Campinas. The teeth were sectioned transversally with a 
diamond saw (KgSorensen, Barueri, Brasil) and ground with a 600-grit silicon 
carbide paper under a stream of running water in order to produce superficial 
dentin (D) or enamel (E) samples with 1.0 ± 0.1mm in thickness, checked with a 
digital caliper (Mytutoyo, Tokio, Japan).  
 
2.2. Radiodensity evaluation  
 The samples were positioned over a phosphor plate and the radiographic 
exposition was performed using an x-ray machine - GE 1000 (General Electric, 
Milwaukee, USA) – exposing it for 0.2 seconds at 70 kV and 10 mA, with a source-
to-sample distance of 40 cm. Three exposures were performed for each sample. 
The radiographs were transferred from the phosphor plate to the computer via a 







 The radiodensity (in pixels) of the samples were determined with the 
resident software provided by the manufacturer. The Digora system has a 
windows-based software, Digora for Windows 2.5 Rev., that is capable to measure 
density curves of digital radiographies obtained by X-ray impregnation on the 
image phosphor plate. The radiodensity of each radiographed material was 
obtained by clicking with the software cursor right above the digital image. Each 
digital image had it radiodensity measured immediately after scanning, without any 
modification in contrast or brightness. This software shows data concerning the 
highest and the lowest radiodensity of the sample, and an average value, which 
was considered to be the sample’s initial radiodensity. Since each sample was 
submitted to three exposures the sample’s final radiodensity was considered to be 
the mean of those values.  
2.3. Scanning Electron Microscopy analysis 
For observations of materials filler characteristics, materials were examined 
using scanning electron microscopy (SEM) after dissolution of the organic matrix. 
Unmixed elastomer samples were soaked in 100% acetone (3 baths with 
centrifugation) and followed by 100% chloroform (3 baths with centrifugation) [19]. 
For alginates, just the powder was used for observations. Thereafter, the 
specimens were sputter-coated with gold (MED 010; Balzers Union, Balzers, 
Liechtenstein) and observed in the SEM (DSM 940A; Zeiss, Oberkoshen, 
Germany).    
2.4. Statistics    
  Statistical analysis of data was performed using SPSS 12.0 for Windows 
(SPSS Inc., Chicago, USA) and BioStat 3.0 (Sociedade Civil Mamirauá / MCT-
CNPq, Brazil). Data were submitted to Shapiro-Wilk test of normality, Kruskal-
Wallis and Dunn’s Test (α=0.05), comparing all impression materials, impression 
materials versus teeth structures, and materials allocated into groups of type of 
impression materials (addition silicon, condensation silicon, alginates and 







by Kruskal-Wallis and Dunn’s Test. For all tests, groups were considered 
statistically different at α=0.05.  
    
3. Results  
  Table 2 and 3, and Figures 1-5 show the results of radiodensity 
measurements together with the statistical analysis. Radiodensity means and 
standard deviations are sometimes presented just to enable an easier 
comprehension but since data were not normally distributed the sum of the ranks, 
provided by the non-parametric analysis, is also provided. The Kruskal-Wallis test 
showed a highly significant difference among the experimental groups (p<0.000) 
and Dunn’s Test showed that Permlastic Light (PS) and Permlastic Regular (PS), 
Adsil Heavy Body (AS), Speedex (CS), Adsil Regular Body (AS), Silon 2APS Putty 
(CS), Perfil Putty (AS) and Oranwash L (CS) were the most radiopaque materials 
and Express Light Body (AS), Ezact Krom (ALG), Aquasil Light (AS), Silon 2APS 
Light (CS), Perfil Light (AS), Jeltrate Chromatic Ortho (ALG), Jeltrate (ALG), 
Aquasil Extra-Light (AS), Reprosil A* Putty (AS), Optosil P Comfort (CS), 
Impregum Soft Medium Body (P) and Reprosil A* Regular (AS) were the most 
radioluscent ones (Table 2). In general, materials from the same brand with 
different consistencies showed heavy-body (putty) materials presenting higher 
radiodensity values than regular or light materials. The comparison between teeth 
structures and impression materials showed that just Permlastic Light (PS) and 
Permlastic Regular (PS) were similar to human enamel, but there was not similarity 
with bovine enamel. For human dentin, just Adsil Heavy Body (AS) presented itself 
as being similar to it, but for bovine dentin all materials, with the exception of 
Permlastic Light (PS) and Permlastic Regular (PS) were considered similar to it 
(Table 3).  
 The comparison of groups of materials did not show addition silicon heavy-
body materials presenting statistically higher degree of radiodensity (Fig 1). On the 
other hand, condensation silicon materials showed heavy-body materials of the 







and Xantopren VL Plus. When comparing polysulfides and the polyether, it was 
detected higher radiodensity for the former (Fig. 3), and different alginates showed 
different radiodensity (Fig. 4).  Figure 5 presents the comparison between the 
aluminum step and experimental groups, showing that Permlastic Light (PS) and 
Permlastic Regular (PS) presented degree of radiodensity comparable to thicker 
aluminum steps, and Reprosil A* Putty (AS), Optosil P Comfort (CS), Impregum 
Soft Medium Body (P) and Reprosil A* Regular (AS) comparable to the thinnest 
aluminum step. Almost all remaining materials were similar to A2 and A3 aluminum 
steps. Figure 6 shows the radiographic image of the groups and the aluminum step 
wedge. SEM evaluation showed different aspects on the filler types for each 
material (Fig. 7), with some types of addition silicon showing remnants of polymer 
matrix not completely removed from fillers. 
 
4. Discussion 
The accuracy and stability of dental impression materials is closely related 
to the filler volume fraction and type of matrix [8]. Heavy-body materials tend to 
present higher tear properties and tensile strength than light-body materials [15]. 
As it is for the mechanical properties it was expected that different compositions 
would render different physical properties, named degree of radiodensity, for the 
several studied dental impression materials. Generally, impression materials with 
high filler content show lower strain in compression and lower elastic recovery, due 
to the relatively lower presence of polymeric matrix [6]. Interestingly, some 
materials exhibit high elastic recovery and low strain in compression even with low 
filler content [6], and this fact is related to the type of polymer which composes 
materials matrix. However, as observed by Fonseca et al. [10], the polymeric 
fraction of dental materials is not responsible for increasing radiodensity values. 
The addition of chemical elements with high atomic numbers such as lead, zinc, 
strontium, zirconium, barium and lanthanium result in more radiopaque materials 
[3, 24]. Then, the more radiopaque elements the more radiopaque a material will 







with good mechanical properties by high filler content or improved polymers will 
show themselves with low radiodensity, as observed in the present study. 
Of all the classes of impression materials the one which appeared most 
radiopaque in Fig. 6 was the polysulfides. Apparently, the reason for such a 
degree of radiodensity is the presence of lead dioxide in the composition, which 
acts as a catalyst of the setting reaction. Visually, it seems it would be easy to 
detect these materials behind enamel or dentin. The same might not be true for 
radiolucent materials as the polyether one, but studies are necessary to prove this 
effect. The analysis of Table 2 represents a direct insight into the assumption that 
high number of materials on this study gives an idea of their radiodensity but at the 
same time it can make different materials became statistically similar to each other 
[14]. Then, the comparison within groups of materials seemed more interesting 
and Table 2 can just represent that different materials with different compositions 
show different radiodensity.   
When considering the materials in separate groups, for the polysulfides it 
was expected that the regular-body one would have higher radiodensity but this 
was not the case, which proves that composition rather than filler content is most 
important for polysulfides (Fig. 3). The studied polyether was already expected to 
present a low degree of radiodensity due to the absence of radiopaque fillers in 
composition and also due to the reduced amount of filler content, as described by 
Carlo et al. [5]. The effect of filler content was more pronounced in the addition and 
condensation silicones, in spite of the fact that within the same material brand, 
statistical significant differences where found just for condensation silicones (Figs. 
1 and 2). This occurrence means that for addition silicones, besides filler type and 
volume fraction, other factors are responsible for the observed results. Platinum 
and palladium seem to offer an important contribution to the observed radiodensity 
of these materials. Platinum salts are generally used as a catalyst for the setting 
reaction, and palladium is used for eliminating hydrogen release from the 
polymeric reaction. On the other hand, condensation silicon materials showed 







except for Optosil P Comfort and Xantopren VL Plus, proving that for this group, 
filler type and volume fraction seem to be the most important factor for 
radiodensity. In accordance to Carlo et al. [6], although Xantopren VL Plus is the 
light-body material for Optosil P Comfort, they present similar filler content, which 
could explain these findings. Condensation silicones have tin oxides in their 
composition, which participates of the setting reaction, and could also be the 
reason for observed radiodensity. Alginate impression materials generally possess 
a high filler content [17] but this was not followed by high radiodensity. Zinc oxide 
is usually the filler composition of these materials, which seem to be related their 
radiodensity, but different compositions rendered different results, as noted in 
Fig.4.  
Restorative materials need a degree of radiopacity slightly higher than that 
of enamel [12, 13] in order to enable ideal clinical performance. Enamel and dentin 
from human and bovine teeth are reported to be similar to each other in 
radiodensity [11], but on this study it was rare to find materials that where at the 
same time similar to human and bovine enamel, or dentin (Table 3). Probably, 
alterations in mineral deposition and microstructure may be the reason for these 
findings but more studies are necessary. Some studies have established the 
standard enamel radiodensity based on a comparison with aluminum step wedges 
[3, 10, 22] to be equivalent to 2 or 3mm thick aluminum. Of all studied materials 
just Jeltrate (ALG), Aquasil Extra-Light (AS), Reprosil A* Putty (AS), Optosil P 
Comfort (CS), Impregum Soft Medium Body (P) and Reprosil A* Regular (AS) 
presented a degree of radiodensity lower than 2mm aluminum, which would 
virtually eliminate the possibility of detection against a background of enamel or 
dentin. Since the aim of employment of radiopaque impression materials is not the 
patient follow up but instant material clear radiographic detection, the high the 
radiodensity, the easier the visualization. In this situation polysulfides presented 
the best behavior, being comparable to 10, 11 and 12mm thick aluminum.    
The use of radiopaque impression materials seems important for the 







10min exposure of human gingival fibroblast cells to various impression materials 
had a cytotoxic effect. This study founded different materials showing different 
degree of radiodensity and the reasons are generally related to composition, filler 
type and volume fraction, and the presence of radiopaque chemical elements, but 
more specific studies on materials composition and radiodensity are necessary.  
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Table 1. Impression materials used in the study.  
Type Commercial Name Manufacturer 
Permlastic Regular Polysulfide 
(PS) Permlastic Light 
Kerr Corporation, Orange, CA, USA 
Adsil Heavy Body 
Adsil Regular Body 
Adsil Light Body 
Vigodent, Rio de Janeiro, Brazil 
Virtual Extra Light Body Ivoclar Vivadent, Schann, Liechtenstein 
Aquasil Light 
Aquasil Extra-light 
Express Light Body (Regular Set) 
3M-ESPE, St. Paul, MN, USA 
Reprosil A* Putty 
Addition 
Silicone (AS) 
Reprosil A* Regular 
Dentsply Latin America, Petrópolis, RJ, Brazil 
Xantopren VL Plus 
Optosil P Comfort 
Kerr Corporation, Orange, CA, USA 
Silon 2 APS Putty 
Silon 2 APS Light 
Dentsply Latin America, Petrópolis, RJ, Brazil 
Oranwash L Zhermack, Rovigo, Italy 
Perfil Putty 
Perfil Light 
Vigodent, Rio de Janeiro, Brazil 
Condensation 
Silicone (CS) 
Speedex Coltène Whaledent, Germany 
Polyether (P) Impregum Soft (Medium Body) 3M-ESPE, St. Paul, MN, USA 
Jeltrate 
Jeltrate Plus 
Jeltrate Chromatic Ortho 
Dentsply Latin America, Petrópolis, RJ, Brazil 
Hydrogum Zhermack, Rovigo, Italy 
Alginate (ALG) 







Table 2. Means and standard deviations (pixels) and results of statistical analysis 
of impression materials radiodensity by Kruskal-Wallis and Dunn’s Method 
(p<0.05).  
Groups Mean (SD) Mean Rank
Statistical Analysis by 
Kruskal Wallis and Dunn’s 
Test (p<0.05) 
Permlastic Light 247.08 (2.68) 365.20  
Permlastic Regular 241.94 (4.77) 355.80  
Adsil Heavy Body 151.67 (3.8) 328.20  
Speedex 148.17 (3.73) 311.90  
Adsil Regular Body 146.40 (2.88) 301.53  
Silon 2APS Putty 143.56 (3.79) 278.30  
Perfil Putty 142.32 (4.47) 266.40  
Oranwash L 141.93 (4.3) 263.53  
Hydrogum 138.98(2.81) 235.47  
Xantopren VL Plus 138.32 (3.91) 227.83  
Adsil Light Body 136.70 (4.24) 210.10  
Virtual Extra Light 
Body 136.50 (3.51) 209.13 
 
Jeltrate Plus 139.09 (16.65) 201.97  
Express Light Body 131.40 (3.87) 153.13  
Ezact Krom 131.24 (3.66) 152.47  
Aquasil Light 130.58 (4.64) 146.40  
Silon 2APS Light 130.41 (4.82) 145.03  
Perfil Light 128.76 (6.61) 127.27  
Jeltrate Chromatic 
Ortho 126.85 (3.34) 108.23  
Jeltrate 124.07 (2.4) 79.87  
Aquasil Extra-Light 122.51 (1.96) 64.63  
Reprosil A* Putty 121.61 (2.73) 55.97  
Optosil P Comfort 119.73 (4.94) 43.43  
Impregum Soft 
(Medium body) 119.29 (3.55) 37.80  
Reprosil A* Regular 118.42 (3.53) 30.40  







Table 3. Comparison of radiodensity (pixels) between tooth structures and 
impression materials by Kruskal Wallis and Dunn’s Method (P<0.05). 
Enamel Dentin 
Human Bovine Human Bovine
 
203.19 195.93 161.29 154.44 Radiodensity
Materials 
*    247.08 Permlastic Light 
*    241.94 Permlastic Regular 
  * * 151.67 Adsil Heavy Body 
   * 148.17 Speedex 
   * 146.40 Adsil Regular Body 
   * 143.56 Silon 2APS Putty 
   * 142.32 Perfil Putty 
   * 141.93 Oranwash L 
   * 139.09 Jeltrate Plus 
   * 138.98 Hydrogum 
   * 138.32 Xantopren VL Plus 
   * 136.70 Adsil Light Body 
   * 136.50 Virtual Extra Light Body 
   * 131.40 Express Light Body 
   * 131.24 Ezact Krom 
   * 130.58 Aquasil Light 
   * 130.41 Silon 2APS Light 
   * 128.76 Perfil Light 
   * 126.85 Jeltrate Chromatic Ortho 
   * 124.07 Jeltrate 
   * 122.51 Aquasil Extra-Light 
   * 121.61 Reprosil A* Putty 
   * 119.73 Optosil P Comfort 
   * 119.29 Impregum Soft (Medium body)
   * 118.42 Reprosil A* Regular 










Figure 1. Comparison of radiodensity of addition silicon materials.  
Footnotes: Bars not connected by the same line are statistically different by Kruskal Wallis and 
Dunn’s Method (p<0.05). 
 
Figure 2. Comparison of radiodensity of condensation silicon materials. 
Footnotes: Bars not connected by the same line are statistically different by Kruskal Wallis and 










Figure 3. Comparison of radiodensity of polysulfide and polyether materials. 
Footnotes: Bars not connected by the same line are statistically different by Kruskal Wallis and 
Dunn’s Method (p<0.05). 
 
 
Figure 4. Comparison of radiodensity of alginate materials. 
Footnotes: Bars not connected by the same line are statistically different by Kruskal Wallis and 
































Figure 5. Comparison between materials and aluminum stepwedge. 
Footnotes: Bars not connected by the same line are statistically different by Kruskal Wallis and 








Figure 6.  Digital radiographs of experimental groups and aluminum step wedge. 
Impression materials: 1, Impregum Soft (Medium Body); 2, Permlastic Regular; 3, 
Permlastic Light; 4, Speedex; 5, Oranwash L; 6, Silon 2 APS Denso; 7, Silon 2 
APS Fluido; 8, Xantopren VL Plus; 9, Optosil P Comfort; 10, Perfil denso; 11, Perfil 
fluido; 12, Adsil Heavy Body; 13, Adsil Regular Body; 14, Adsil Light Body; 15, 
Aquasil extraleve; 16, Aquasil leve; 17, Virtual Extra Light Body; 18, Reprosil A* 
Regular; 19, Reprosil A* Denso; 20, Express Light Body (Regular Set); 21, Jeltrate 
Plus; 22, Jeltrate Chromatic Ortho; 23, Jeltrate; 24, Ezact Krom; 25, Hydrogum. 
Aluminum step wedge: A1, 1.0mm; A2, 2.0mm; A3, 3.0mm; A4, 4.0mm; A5, 
5.0mm; A6, 6.0mm; A7, 7.0mm; A8, 8.0mm; A9, 9.0mm; A10, 10.0mm; A11, 








Figure 7. SEM images of impression materials fillers. A, diatomaceous earth 
fillers of Impregum Soft (P) showing a rounded structure; B, irregular fillers of 
Permlastic Regular (PS); C and D, fillers of Perfil Putty (CS) and Perfil Light (CS), 
respectively, showing the increased size of fillers of the heavy-body material; E, 
fillers of Reprosil A* Regular (AS) showing the presence of diatomaceous earth 










Radiodensity and hardness of enamel and dentin of human and 
































Studies have evaluated dental hard tissues characteristics from animal species in 
order to be used as a substitute for human teeth. The aim of this study was to 
evaluate the radiodensity and hardness of human and bovine enamel and dentin, 
varying bovine teeth age. Five samples (1mm-thick) were obtained from animals 
with 20(B20), 30(B30), 38(B38) and 48(B48) months of age and from human third 
molars (H). The radiographic images were taken with a phosphor plaque digital 
system (Digora Optime). The radiodensity was obtained and Knoop hardness 
(KHN) was recorded (100g for 15s - 5 indentations per sample). Data were 
analyzed by Kruskal-Wallis test, ANOVA following Tukey-test and Pearson 
correlation (p<0.05). The results showed a strong correlation between hardness 
and radiodensity (r=0.832; p=0.000). Radiodensity was similar within enamel 
groups (B20=78.37a; B30=77.71a; B38=79.38a; B48=81.74a; H=75.79a), but 
bovine dentine presented higher radiodensity than human one (B20=56.8a; 
B30=57.07a; B38=56.55a; B48=53.87a; H=44.13b). Enamel-KNH and Dentine-
KNH showed differences just between B30 and B48, H (B20=256.88ab; 
B30=228.68b; B38=261.04ab; B48=274.76a; H=261.6a), and B30 and B48 
(B20=56.87ab; B30=50.85b; B38=51.55ab; B48=57.44a; H=55.17ab), 
respectively. Enamel was always more radiodense than dentine and also 
presented greater KNH (p=0.001). In spite of a strong correlation between 
radiodensity and KNH it could not be noted a standard variation behavior when 
these factors are analyzed in separate. The use of bovine enamel of dentin should 
take into consideration the age of teeth, but as a general rule it should be 
recommended to select older bovine teeth due to better similarity with human 
teeth.   
 
 








Human dental enamel, which is the hardest tissue in the body, is composed 
by 92-96% of inorganic matter, 1-2% of organic material and 3-4% of water in 
weight 1. Most of the inorganic matter is Ca10(PO4)6(OH)2, hydroxyapatite,2 which 
is also present in dentin, the most abundant mineralized tissue in human and 
mammalian tooth,3 serving as a foundation for the hard outermost enamel.4 
Though its major presence, dentin has a reduced inorganic content and is 
considered to be a hydrated biological composite composed of 70% inorganic 
material, 18% organic matrix, and 12% water (weight%).5 At a microstructural 
level, enamel consists of mineral rich prisms of 3-6µm in cross-sectional diameter 
embedded in a matrix of inorganic and organic components,2 and dentin is 
traversed by a network of tubules, which are cylindrical channels surrounded by a 
highly mineralized cuff of peritubular dentin, embedded in intertubular dentin, 
which is comprised of a matrix of mineralized collagen fibrils arranged 
perpendicular to tubules orientation.4,6 
Dentin is found to be highly affected by the effect of age in mechanical and 
physical properties due to its dynamic characteristics.7-11 The Tubule Lumens 
decrease in diameter by mineral deposition and can undergo complete occlusion 
with age,12 decreasing the dentin permeability,11 maximum flexural and fatigue 
strength, energy to fracture and viscoelastic behavior.7,8 Enamel is mostly 
subjected to wear and/or physiological loss during age,2 and hardness and 
Young’s modulus seem to decrease from outer surface to dentino-enamel 
junction,13 but important alterations in properties do not seem to occur.    
Enamel and Dentin from different animal species have long been used as 
substitutes for human ones, since mammalian and human teeth are 
morphohistologically similar to each other tooth.3 The constant use of bovine teeth 
in dental researches has stimulated a number of studies searching to certify the 
suitability of this procedure.14,15 Dental hard tissues characteristics are the principal 







animal teeth on in vitro researches.14 The more animal teeth are similar to human 
ones the valuable and significant will be the results of any research.  
The radiopacity of dental materials and teeth structures have become 
important to clinicians, especially for secondary caries diagnosis and marginal 
defects detection16,17 and Knoop hardness is a useful toll for studying mineralized 
tissues.18 The radiopacity degree required for ideal clinical performance has been 
established according to the composition of the material. Voids, marginal defects, 
or recurrent caries are best detected when the radiopacity of the restorative 
materials is close to match the radiopacity of dental enamel.19 Chemical and 
microstructural composition affects radiodensity of teeth structures and dental 
materials,20 and Featherstone et al.21 has established a direct relationship between 
volume percent of mineral and Knoop hardness.  
Bovine teeth can be collect from animals with 20, 30, 38 and 48 months of 
age.22 Similar to human teeth it is expected that different ages would mean 
different characteristics, and these differences may play an important role during 
the selection of the most appropriate bovine teeth age to be used in dental 
researches. On a previous study, bovine teeth was considered to be similar to 
human teeth with respect to radiodensity,20 but there are no data available on the 
radiographic and hardness characteristics of bovine hard dental tissues, varying 
teeth age, compared to human teeth. Therefore, the aim of this study was to 
determine the radiodensity and hardness of enamel and dentin of human and 
bovine teeth, varying bovine teeth age. 
 
2. Methods and materials  
 Ten human third molars (H) from 20-30 years old donators, and 40 bovine 
central incisors pertaining to the ages of 20 (B20), 30 (B30), 38 (B38) and 48 (B48) 
months of age, recently extracted were selected and stored in 0.2% thymol. All 
human teeth were collected after patients had signed an informed consent, in 
accordance with the ethics committee of Dental School of State University of 







(KgSorensen, Barueri, Brasil) and ground with a 600-grit silicon carbide paper 
under a stream of running water in order to produce superficial dentin (D) or 
enamel (E) samples with 1.0 ± 0.1mm in thickness, checked with a digital caliper 
(Mytutoyo, Tokio, Japan).  
2.1 Radiodensity measurement 
 Five samples of enamel or dentin, of each group, were positioned over a 
phosphor plate and the radiographic exposition was performed using an x-ray 
machine - GE 1000 (General Electric, Milwaukee, USA) – exposing it for 0.2 
seconds at 70 kV and 10 mA, with a source-to-sample distance of 40 cm. Three 
exposures were performed for each sample (N=15). The radiographs were 
transferred from the phosphor plate to the computer via Digora scanner (Digora 
Optime, Soredex, Helsinki, Finland).  
 The radiodensity of the samples were determined with the resident software 
provided by the manufacturer. The Digora system has a windows based software, 
Digora for Windows 2.5 Rev 0, that is capable to measure density curves of digital 
radiographies obtained by X-ray impregnation on the image phosphor plate. Each 
digital image had it radiodensity measured immediately after scanning, without any 
modification in contrast or brightness. This software shows data concerning the 
highest and the lowest radiodensity of the sample, and an average value, which 
was considered to be the sample’s initial radiodensity. Since each sample was 
submitted to three exposures the sample’s final radiodensity was considered to be 
the mean among those values.  
2.2 Knoop Hardness Test 
Right after radiodensity measurement, samples were embedded in acrylic 
resin and gently ground with #600, #1000 and #1200 SiC carbide paper under a 
stream of running water before hardeness measurement. Knoop hardness (KNH) 
was determined with a universal indenter (Shimadzu, Tokyo, Japan), by 
application of 100g for 15 seconds. Five indentations were made on each sample 
(N=25), and the means were calculated for each sample. 







For observations of bovine and human tooth characteristics, enamel and 
dentin samples from bovine and human teeth were fractured with a knife ended 
metal device and prepared for scanning electron microscopy (SEM) evaluation in 
accordance to Van Meerbeek et al..23 Specimens were soaked in 6 mol/L HCl 
(Biopharma, Uberlândia, MG, Brasil) for 5 seconds, followed by immersion in 5% 
sodium hypochlorite (Biopharma) for 5 minutes, fixed in 2.5% glutaraldehyde 
(Biopharma) and dehydrated in ascending concentrations of ethanol (50% for 10 
minutes; 70% for 10 minutes; 95% for 10 minutes; and 100% for 30 minutes).23 
Thereafter, the specimens were sputter-coated with gold (MED 010; Balzers 
Union, Balzers, Liechtenstein) and fractured surfaces observed in the SEM (DSM 
940A; Zeiss, Oberkoshen, Germany).    
2.4 Statistical Analysis of Data 
Statistical analysis was performed with the Shapiro-Wilk test of normal 
distribution and One-way ANOVA followed by Tukey Honestly Significant 
Difference (HSD) test in SPSS 12.0 for Windows statistical software (SPSS Inc., 
Chicago, USA). Pairwise multiple comparison Dunnet’s 2-sided t-test was used to 
compare bovine enamel or dentin groups against human enamel or dentin groups. 
The Pearson Correlation coefficient was also calculated for radiodensity versus 




Table 1 shows the results of Knoop hardness and Radiodensity 
measurements (in pixels) within each hard dental tissue, together with the 
statistical analysis. One-way ANOVA and Tukey’s HSD test showed significant 
differences for KNH, in enamel and dentin (p<0.05), and for Radiodensity, just in 
dentin (p<0.05). Also, a significant and positive correlation between both variables 
was found by Pearson Correlation Coefficient (r=0.437; P=0.001).  
In enamel, B30 Knoop hardness was different from the other groups, but 







B30 and B48 were similar to B20, B38 and H, but different from each other, with 
B48 presenting higher values. For radiodensity, all bovine groups were similar but 
different from the human one. Considering the human groups as a standard 
control, and comparing them with bovine groups, similar results were obtained. At 
enamel, human KNH was similar to B20, B38 and B48, and human radiodensity 
was similar to all bovine groups (p<0.05). At dentin, human KNH was similar to all 
bovine groups, but for radiodensity human dentin was different of all bovine groups 
(p<0.05).   
Figure 1 shows a radiographic image of the groups. Note that enamel 
samples are similar to each other but dentin samples show a slight difference 
between bovine and human radiopacity. Figure 2 and 3 show SEM images for 
enamel and dentin, respectively, from human and bovine teeth. Human enamel 
seems to present a “dry” characteristic, with less interprismatic substance and 
distinct prisms (Fig. 2 on right); bovine enamel shows greater amount of 
interprismatic substance with an indicative appearance of the presence of collagen 
fibrils (Fig. 2, on left). Bovine dentin showed a relative lower presence of 
intertubular dentin than human one, possibly due to a relatively more presence of 
intertubular dentin (Figure 3). 
 
4. Discussion 
 Irrespective of teeth age, the similarity between human and bovine teeth 
has been proven by other authors, who showed similar degree of radiodensity,20 
bond strength both for enamel and dentin,24 number and diameter of dentin tubules 
at tooth crowns,25 and dentin permeability.26 Nevertheless, age-related changes in 
teeth structures play an important role in their mechanical and physical properties, 
mainly in dentin.7,8 These different properties may cause the generation of 
misleading results if human teeth are substituted by incorrect teeth ages from 
bovine sources on dental researches. This study showed that bovine teeth from 
animals with different ages possess different characteristics. Old human teeth (46-







with approximately 36 months of age, but younger human teeth are similar to 
bovine ones.27 In spite of the fact that, theoretically, the older the tooth the greater 
the mineralization, which would render greater radiodensity and hardness, this 
tendency was not followed by the results of this study. It was suspected tooth 
mineral chemical composition and proportion, and microstructure arrangement, 
would be the principal reasons for the observed differences. Rizzuto et al.,28 
showed that trace element concentrations of enamel from human and bovine teeth 
are not similar to each other, but Lane and Peach29 found different trace elements 
in human enamel, varying sex, age and geographical location, and Fonseca et al.14 
found enamel and dentin radiodensity from human and bovine teeth to be similar 
to each other.     
 Since the proximity with the pulp chamber would result in a greater 
presence of dentin tubules30 and a less mineralized tissue31 all samples were 
obtained from superficial dentin. However, it was expected that the effect of age on 
tubular occlusion and alteration of dentin mechanical properties could result in 
younger bovine dentine presenting lower hardness and radiodensity than older 
ones. According to Tonami and Takahashi32 the endurance strength (also 
regarded as the “fatigue limit”) of bovine dentin of young (24-36 months) and adult 
(40-96 months) animals was 51.0 and 46.9MPa, respectively. In addition, young 
dentin usually exhibits a linear elastic behavior which is followed by plastic 
nonlinear deformation until failure, and older dentin just exhibits a linear-elastic 
deformation, fracturing before any plastic strain to take place.8 The main reason for 
this to happen is the change in microstructure dentin goes through age, due to 
both greater mineral deposition and alterations in the properties of collagen fibrils, 
reducing water content, elasticity, and energy to failure.4,7,8 As it is for bone, it is a 
general rule that mineral content of dentin is responsible by hardness and collagen 
network by elasticity,33 but in a recent study, Kinney et al.34 showed that although 
almost 70-75% of dentin minerals are extrafibrilar, intrafibrilar collagen 
mineralization is fundamental for elasticity and hardness. In addition to this fact, 







peritubular cuffs act as fiber reinforcements into the dentin matrix was changed by 
the view that dentin anisotropy is caused by the collagen network arrangement into 
the intertubular dentin.6 Then, dentin anisotropy by collagen fibrils dictates most of 
mechanical properties of dentin and considering that indentation techniques are 
known to be less sensitive to anisotropy,35 it is possible that slight variations in 
bovine teeth with age could not be detected in this study. However, even if 
anisotropy is not well detected, healthy dentin was studied, which assures 
adequate mineralization of dentin overall. Then, B30 presenting lower hardness 
than B48 suggests lower mineralization for the former but does not assures this is 
the only reason for the observed results. Pashley et al.36 showed a decrease in 
dentin hardness with increased number of dentin tubules, but Kinney et al.31 
explained that a decrease in intertubular dentin matrix mineralization must be the 
principal factor which affects dentin hardness. Since KNH stylus is large enough to 
measure hardness of specific dentin structures, the association among tubular 
density, peritubular dentin thickness and intertubular matrix mineralization seem to 
be the cause of observed differences. As observed by SEM analysis (Figure 3), 
older bovine teeth presented more peritubular dentin and less number of tubules; 
then, considering that older teeth possess a more mineralized intertubular matrix, 
the microstructure plays an important role. Compared to human dentin, bovine one 
seems to present less intertubular dentin, but it did not affected hardness. 
 Enamel presented a more homogeneous behavior since just the KNH of 
B30 was different of the other groups, but radiodensity was similar for all groups. 
Since enamel is less affected by the effect of age, it was expected that all bovine 
tooth ages would present similar results to human teeth. Featherstone et al.21 
established a positive correlation between the mineral volume percentage and 
hardness, and considering that older enamel tend to present more mineral 
deposition, another expectation would be that bovine enamel of older teeth could 
be harder than younger ones. However, B30 presented lower values than even 
B20, in spite of the fact that numerically, B20, B38 and B48 showed an increase in 







mineralization with age occurring at the outermost superficial 150µm;37 thus, the 
contribution to the overall hardness seems irrelevant, as observed. Interestingly, 
B30 showed the lowest results which mean they are less mineralized than the 
other teeth, according to the previous mentioned theory. All bovine teeth enamel 
presented similar microstructure, with a greater presence of interprismatic 
substance than human teeth, and “fibril like” structures around prisms (Fig. 2). 
According to Açil et al.38 mature collagen can be detected in human enamel, and 
possibly these “fibril like” structures are collagen fibrils not removed from enamel in 
the course of mineralization and maturation. However, it remains questionable if 
these “fibril like” structures could strengthen the enamel structure, and more 
studies are necessary. If just this different microstructure was the reason for the 
observed KNH difference, all bovine groups should display the same inferior KNH 
values, irrespective of tooth age. Then it seems that enamel microstructure was 
not as important for KNH as mineral concentration might be. In spite of the fact that 
B30 seems less mineralized, radiodensity was not affected, which mean that if 
there really was a lower degree in mineralization on this group, this was not quite 
high to affect radiodensity. More specific studies are necessary to test the degree 
of mineralization of bovine teeth, varying teeth age and the effect of microstructure 
in other mechanical properties, such as strength and toughness.  
     Radiodensity and KNH presented a significant positive correlation by 
Pearson correlation coefficient (R=0.437; p=0.001), which mean that the greater 
the hardness the greater will be the radiodensity. Interestingly, and similar to what 
happened in enamel, the radiodensity did not follow the same pattern of 
differences found with KNH, and all bovine dentin were more radiopaque than 
human one, which is contrary to previous reported similar results.14 Radiodensity 
of tooth structure can also be influenced by composition and microstructure20 and 
enamel or dentin from bovine and human teeth was reported to present similar 
degree of radiodensity to each other.14 Thus, it means that even if these 
assumptions are true, alterations due to sex, geographical location and individual’s 







radiodensity presenting lower values than all bovine groups. A possible 
explanation is that the greater presence of peritubular dentin in bovine dentin 
associated to the greater presence of intertubular dentin in human dentin (Fig. 3), 
could render greater radiodensity for the former (Fig. 1). Enamel, on the contrary 
showed similar radiodensity among all groups, which can be associated to the 
reduced effects of age in this hard dental tissue.   
 Camargo et al.27 compared the number and diameter of dentinal tubules of 
human premolar roots with different ages with bovine teeth from animals with 
almost 3 years of age (similar to BD-30 in the present study) and found that bovine 
roots have more number of tubules than human roots, irrespective of human teeth 
age, but within the groups of human teeth, changing the age did not significantly 
altered the number of tubules. There was a tendency for less tubules in higher 
ages, but 31-45 years old teeth had numerically higher number of tubules than that 
from 16-30 year donators. Then it seems a direct linear relation of older teeth with 
less number of tubules can not be always expected, and this can also happen in 
bovine teeth, which could explain the results of the present study. Results of a 
discriminant analysis by Bartosiewicz40 suggests that the absolute ages of tooth 
eruption in cattle are heavily influenced by the environment and typological 
inferences may be made studying tooth eruption ages relative to each other. More 
studies are necessary now to compare different bovine teeth ages, from animals 
with different characteristics, with a standard selected human teeth age.   
    
5. Conclusion 
The effect of age on radiodensity and Knoop hardness of enamel and dentin of 
bovine teeth, when compared to human ones, was significant. A microstructural 
analysis showed differences between ages and tooth sources. Human enamel 
presented less interprismatic substance and distinct prisms and bovine enamel 
showed greater amount of interprismatic substance with “fibril like” structures. 
Bovine dentin showed a relative lower presence of intertubular dentin than human 







human KNH was similar to bovine teeth with 20, 38 and 48 months of age, and 
human radiodensity was similar to all bovine groups (p<0.05). At dentin, human 
KNH was similar to all bovine groups, but for radiodensity human dentin was 
different of all bovine groups (p<0.05). The use of bovine teeth as a substitute for 
human teeth in dental researches should take into consideration the age of bovine 
teeth, but as a general rule it should be recommended to select older bovine teeth 
due to better similarity with human teeth.   
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Figure 1. Radiographic image of enamel and dentin from human and bovine teeth. 
Note that human dentin shows a slight lower degree of radiodensity than bovine 










Figure 2. Bovine and human enamel microstructure. Bovine enamel (left) shows a 
greater presence of interprismatic substance (continuous black arrow) around 
prisms (white arrow), with “fibril like” structures in clear evidence (stepped black 
arrow). Human enamel (right) shows low quantity of interprismatic substance 




Figure 3. Bovine and human dentin microstructure. Younger bovine dentin (left) 
shows thinner peritubular dentin than older one (middle), and human dentin seems 









Table 1. Knoop Hardness and Radiodensity (Pixels) means and standard 
deviations (SD) and results of statistical analysis by ANOVA and Tukey’s HSD test 
and Pearson’s Correlation Coefficient (α=0.05). 






Coefficient (Sig.)  
E-B20 256.88 (20.05) A 78.37 (6.80) A 0.437 (0.001) 
E-B30 228.68 (33.50) B 77.71 (5.97) A  
E-B38 261.04 (25.93) A 79.38 (6.77) A  
E-B48 274.76 (28.05) A 77.84 (7.06) A  
E-H 261.60 (19.67) A 75.79 (7.96) A  
D-B20 56.87 (9.71) ab 56.80 (7.73) a  
D-B30 50.85 (7.31) b 57.07 (4.81) a  
D-B38 51.55 (7.16) ab 56.55 (5.95) a  
D-B48 57.44 (8.32) a 53.87 (6.08) a  
D-H 55.17 (8.27) ab 44.13 (8.39) b  
Different capital letters mean statistical significant differences for enamel radiodensity and KNH 
(p<0.05) 






















O estudo das propriedades mecânicas e físicas de estruturas dentais e 
materiais restauradores possibilita o entendimento de seu desempenho funcional 
e da possibilidade do uso de tecidos dentais alternativos em substituição aos 
humanos para fins de pesquisa em Odontologia (Fonseca et al., 2004). Este 
estudo procurou abranger diversos passos do procedimento restaurador indireto 
(materiais para restaurações provisórias, materiais para forramento, base e 
cimentação e materiais de moldagem) além de analisar a característica 
microestrutural, radiográfica e mecânica do esmalte e dentina humana e bovina, 
variando a idade dos dentes bovinos, visto que em abatedouros podem ser 
coletados dentes de diferentes idades. 
Nas últimas décadas, os materiais odontológicos têm-se desenvolvido 
bastante e um dos fatores de melhora foi a incorporação de elementos químicos 
que fornecem radiopacidade, tais como zinco, bário, estrôncio, ferro, chumbo, 
lantânio e outros (Hara et al., 2001a, Hara et al., 2001b, Fonseca et al., 2006). 
Entretanto, mesmo com materiais de composição radiopaca, é necessário saber 
se determinado material apresenta-se detectável estando sob esmalte ou dentina 
(Fonseca et al., 2006). Este estudo demonstrou que todos os materiais analisados 
- Cimento LS (fosfato de zinco); Vitro Cem (ionômero de vidro); Fuji II LC 
(ionômero de vidro modificado por resina); Rely-X ARC (cimento resinoso); 
Vitrebond (ionômero de vidro modificado por resina); Ketac Bond (ionômero de 
vidro); Vidrion F (ionômero de vidro); Vidrion C (ionômero de vidro) - possuem 
adequado grau de radiodensidade, permitindo ser detectado radiograficamente, 
possibilitando melhor meio de acompanhamento clínico e radiográfico dos 
procedimentos restauradores (Hara et al., 2001a). Entretanto, é comum que o 
clínico, ao encontrar problemas na manipulação dos materiais promova redução 
da relação pó/líquido, com aumento da quantidade de líquido, gerando um 
material mais fluido e de mais fácil manipulação (Irie et al., 2006). Portanto, este 







alterações nas propriedades mecânicas (dureza) e físicas (radiodensidade) dos 
cimentos de ionômeros de vidro, sendo que este efeito foi marcante 
principalmente nas propriedades mecânicas dos ionômeros modificados por 
resina, pelo fato que a maior presença de líquido teoricamente dificulta o ataque 
do ácido poliacrílico às particulas de carga não reagidas (Peutzfeldt et al., 1997), 
tornando-o mais frágil. Tal fato, não pareceu importante para os ionômeros 
convencionais, pois partículas do pó remanescente podem continuar reagindo 
com o líquido sobressalente. 
Durante a moldagem restos de material deixados no sulco gengival 
podem resultar em importante processo alérgico nos pacientes (Nally & Storrs, 
1973, Blankenau et al., 1984, Sydiskis & Gerhardt, 1993, Chen et al., 2002, 
Roberta et al., 2003), sendo fundamental que os materiais possuam adequada 
radiodensidade para serem detectados por exame radiográfico e removidos. 
Portanto, este estudo mostrou que variações na composição e quantidade de 
carga influenciaram os resultados de radiodensidade dos materiais de moldagem, 
sendo que os polissulfetos apresentaram alto nível de radiodensidade, podendo 
ser facilmente detectados. Os outros materiais apresentaram graus variados de 
radiodensidade, mas no geral a maioria poderá ser detectada, apesar da maior 
dificuldade. 
A análise das estruturas dentais humanas e bovinas, variando a idade 
dos dentes bovinos mostrou que variar a idade, característica estrutural e direção 
de exigência mecânica das estruturas, altera seu comportamento, assim como 
relatado por outros autores, que demonstram o comportamento anisotrópico dos 
tecidos dentais duros (Xu et al., 1998, Nalla et al., 2003, Giannini et al., 2004, 
Arola & Reprogel, 2006, Braly et al., 2007). Em geral, os dentes bovinos 
apresentam características semelhantes aos humanos, mas este fato é reservado 
principalmente aos dentes bovinos extraídos de animais mais velhos (48 meses), 









De acordo com as metodologias desenvolvidas e as limitações de cada 
estudo pode-se concluir que:  
1 - Diferentes tipos de materiais apresentam variações dentro do 
mesmo tipo no que diz respeito à radiodensidade. O cimento de fosfato de zinco, 
os cimentos de ionômero de vidro convencionais, o cimento resinoso e cimento de 
ionômero modificado por resina foram mais radiopacos do que o esmalte e a 
dentina. Um dos cimentos de ionômero convencional foi similar ao esmalte e mais 
radiopaco do que a dentina e o outro similar à dentina. 
2 - Redução da proporção pó/líquido provoca decréscimo na 
radiodensidade e na resistência à tração diametral de cimentos de ionômero de 
vidro. Somente os cimentos de ionômero modificados por resina apresentaram 
decréscimo significante na resistência à tração diametral, porém todos foram 
afetados na propriedade de radiodensidade. 
3 - Os polissulfetos apresentaram maior radiodensidade dentre os 
materiais e variações na composição, tipo e volume de carga e presença de 
pigmentos radiopacos no material de moldagem resultam em diferentes graus de 
radiodensidade. 
4 - Diferenças microestruturais, e nas propriedades radiodensidade e 
dureza foram observadas entre esmalte e dentina humana e bovina. O esmalte 
humano apresenta menor quantidade de substância interprismática do que o 
bovino, e o bovino apresenta estruturas semelhantes a fibrilas ao redor dos 
prismas do esmalte. A dentina bovina mostrou presença relativamente menor de 
dentina intertubular, além da maior presença de dentina peritubular.  Tais fatores 
influenciaram a radiodensidade e dureza dos tecidos dentais. O uso de dentes 
bovinos como substitutos dos dentes humanos em pesquisas odontológicas deve 
levar em consideração a idade dental, sendo que a seleção dos dentes deve se 
limitar a dentes mais velhos. 
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